Introduction
Insect-transmitted diseases impose enormous burden on the world's population in terms of loss of life (millions of death per year) and morbidity. These diseases are also responsible for huge economic losses, both in terms of health-care costs and lost productivity, mostly in countries that can least afford them (Jacobs-Lorena & Anthony, 2002) and, contribute significantly to disease burden, death, poverty, and social debility in the tropical countries (Jang et al., 2002) . In particular, developing countries are the foremost sufferer and the major victims of several vector-borne diseases (Karunamoorthi & Sabesan, 2010) . More specifically, mosquitoes are the vectors of the dreadful diseases affecting mankind. World Health Organization (WHO) has declared mosquitoes as "the public enemy number one" as they are predominantly responsible for the transmission of various dreadful diseases, such as malaria, filariasis, dengue, yellow fever, and Japanese encephalitis.
Global public health impact of Japanese encephalitis (JE)
JE is one of the most dreaded mosquito-borne viral encephalitis known to afflict humans and is the leading cause of viral encephalitis (inflammation of the brain) all through the world especially in large parts of Asia with temperate and subtropical or tropical climate (Sabesan et al., 2008) . Encephalitis is an infection on the membrane around the brain and spinal cord and is commonly known as "brain fever" with high case fatality (Igarashi, 1992a) . In Southeast Asia, the incidence of JE appears to be increasing, probably as a result of a steady rise in population density, deforestation, and increasing irrigation of agricultural areas (Igarashi, 1992b) . JE affects predominantly school-age children and is greatly feared because of its high lethality and frequency of permanent neurologic sequelae. Today, approximately 3 billion people are living under the current JE-endemic region (Dutta et al., 2010) . The estimated annual incidence and mortality rates are 30,000-50,000 and 10,000, respectively, where as the
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The temperate epidemic region, spanning northern China, Korea, Japan, Taiwan and the southern extremities of Russia. Transmission is variable coupled with environmental temperature. In winter, mosquitoes are inactive but huge epidemics can be seen in summer and autumn. The geographical area of this disease is showing a trend towards expansion. Postulated explanations are migration of birds, certain irrigation projects, animal smuggling and global warming. Development of rice plantations is theoretically foreseeable in other regions (Pakistan, Afghanistan, Nile Valley, Madagascar and Oriental Africa) creating a favorable environment for further vector proliferation (Rhodain, 1996) .
The geographical distribution of JE
At present, the geographical distribution of JE ranges from Japan, maritime Siberia and the Republic of Korea in the North, to most parts of China and the Philippines in the East, Papua New Guinea in the South, and India and Nepal in the West (see Fig. 1 ) (Broom et al., 2003) . JE is now an emerging viral disease having international importance as it is invading the previously non-endemic areas too. From Asia, it has stretched to Papua New Guinea and Torres Strait of northern Australia (Hanna et al., 1996; Mackenzie et al., 1997) . Recent outbreaks of JE have been reported southward in Australia, and westward in Pakistan (Solomon et al., 2000) . In recent decades, JE has gradually spread to previously non-affected Asian regions. The reasons for this increased geographic distribution are uncertain, but may include population shifts, and changes in agricultural practices, animal husbandry, migratory bird patterns, and movement of vector mosquitoes to wider areas (Halstead & Jacobson, 2003) . 
The causative agent -Japanese encephalitis virus (JEV)
JE virus, is the most common documented cause of viral encephalitis in Asia, and potentially ranks next to the Human Immunodeficiency Virus (HIV) as the most common cause of viral encephalitis in the world (Tsai, 1994) . The virus is able to replicate within the salivary glands of the mosquitoes. Mature JE virions remain entrapped in intracellular vacuoles and are later released into the apical cavity of salivary gland cells through the fusion of these vacuoles with the apical plasma membrane. This process is associated with primary re-synthesis of saliva in mosquitoes following blood feeding activity. Another type of shedding involves virus particles, either singly or in mass, being released directly through the apical plasma membrane (Takahashi & Suzuki, 1979) .
Enzootic cycle of JEV
JEV is an arbovirus transmitted in an enzootic cycle involving birds, particularly wading ardeids, such as herons and egrets. Pigs can become infected and act as amplifying hosts. Many mosquito species are potential vectors, but Culex species such as Culex tritaeniorhynchus and C. vishnui, which breed in rice paddies and other dirty water, are especially important. Humans become infected when they are bitten by infected mosquitoes, but since they have transient and low-level viremia, they are "dead-end" hosts that do not normally transmit virus (Fig. 2) . Fig. 2 . The transmission cycle of JE 3.3.1 Vector mosquitoes JE vector mosquitoes are zoophilic, feeding primarily on animal and wild birds and human beings are not considered as a reservoir for viral transmission. It is feeds most often in the outdoors, with the peak biting times after sunset and again after midnight (Fischer et al., 2008) . Female mosquitoes get infected after feeding on a viraemic host and can transmit the virus to other hosts after an extrensic incubation period of 9 to 12 days. Man to man transmission has not been documented. The mosquitoes remain infected for life. The average life period of a mosquito is about 21 days and undergoes three gonotrophic cycle (WHO, 2006) . Human infections are mainly transmitted by Culex tritaeniorrhynchus Giles, which is the principal vector of JE in India and South East Asian countries (Suman et al., 2008) . The female specimens are infective 9-10 days after having taken the viraemic blood meal, having undergone three gonotropic cycles (Gajanana et al., 1997) . Other culicine mosquitoes that can transmit JE include Cx. bitaeniorhyncus, Cx. epidesmus, Cx. fuscocephala, Cx. gelidus, Cx. pseudovishnui, Cx. sitiens, Cx. vishnui and Cx. whitmorei (Sehgal & Dutta, 2003) . The JE incidence, however, varies from country to country; the highest occurrence is found in the rice-growing areas of the country. From this, one may surmise an ecological connection with the irrigation facilities and paddy cultivation (Rajagopalan & Work, 1969) .
The pig
Mosquitoes pick the virus from the pigs (which are supposed to be the major reservoir of the virus) and transfer it to humans (Singh, 2007) . Pigs with high and prolonged viraemias, are often common in endemic countries, and are generally reared in open and unroofed pigpens, which are located near houses (Mishra et al., 1984; Solomon et al., 2000) . In different parts of India, 12 to 44 percent of pig population has been found to be positive for JE antibodies particularly in JE endemic areas (WHO, 2006) .
The human, cattle and birds
The presence of JE antibodies in the sera of birds belonging to different species have indicated that Ardeola grayii (pond heron) and Bubulcus ibis (cattle egret) play a definite role in maintenance of JE virus in nature (WHO, 2006) . Humans, goats, cattle and horses are considered to be the dead-end hosts (Reuben et al., 1992) . For example, in the Thanjavur district, India, an area with extensive rice agriculture, a very low JE incidence has been reported. This has been explained by high cattle to pig ratio (400:1) (Vijayarani & Gajanana, 2000) . In rice-growing villages without herons, seroconversion rates in children aged 0-5 and 6-15 years were 0% and 5%, respectively. In ecologically-similar villages with herons, the corresponding rates were 50% and 56%, respectively (Mani et al., 1991) .
Clinical manifestations
The disease is characterized by a wide range of presentations, as both the symptoms and the clinical course can differ broadly among patients (Solomon, 1997) . On average, only 1 in 300 cases produce clinical symptoms (WHO, 1998) . The first signs of infection appear after an incubation period between 6 and 14 days. It usually starts with a fever above 38°C, chills, muscle pain and meningitis-type headaches accompanied by vomiting. The initial presentation in children usually begins with gastrointestinal symptoms: nausea, vomiting and abdominal pains similar to those found in an acute abdominal syndrome. These nonspecific signs can continue for 2 to 4 days. However, the patient's state deteriorates rapidly. A progressive decline in alertness takes place eventually leading to deepening coma. Convulsions are experienced by 85% of subjects . The meningeal syndrome predominates with painful neck stiffness. Motor paralyses including hemiplegia and tetraplegia may also be present. Signs of extra pyramidal involvement, including tremor, rigidity, and abnormal movements are observed in around 30% of the patients (Kumar et al., 1994) . Severe clinical cases are likely to have life-long neurological sequelae. Mostly children and young adults are affected (Solomon et al., 2000; Tsai, 2000; Halstead & Jacobson, 2003) . Presence of one clinical case in the community suggests that 300 to 1000 people have been infected (WHO, 2006) .
Laboratory diagnosis
The diagnosis of JE viral infection should be made within an epidemiological context (Endy & Nisalak, 2002) . During epidemic outbreaks, a febrile meningeal syndrome should be considered for JE above any other diagnostic consideration. In endemic regions, other arboviruses should be investigated when symptoms of viral encephalitis are present, especially in children (Diagana et al., 2007) . Nowadays, confirmation of JE virus infection depends mostly on serologic assays such as IgM antibody detection by enzyme-linked immunosorbent assays (ELISA) Shope & Meegan, 1997) .
Detection/isolation of antigen/virus
• Demonstration of viral antigen in the autopsied brain tissue by the fluorescent antibody test.
• Isolation and identification of the virus from CSF, occasionally from peripheral blood (within 3 to 4 days after onset of symptoms) or autopsied brain tissue.
Detection of antibody
• The diagnosis of JE is supported by serological tests. The tests include detection of IgM antibodies which appear after the first week of onset of symptoms and are detectable for one to three months after the acute episode.
• IgG antibodies indicate previous infection and are useful for conducting seroepidemiological studies to determine the extent of silent infection and immunity levels in the local population.
• The detection of antibodies to JE virus can be done routinely by Haemagglutination Inhibition Test (HI) test to demonstrate fourfold rise in total antibodies and IgM Capture ELISA test for demonstration of IgM antibodies.
• Confirmation of the diagnosis of JE must be based on multiple criteria including clinical, biological, europhysiologic and cerebral imaging findings (Diagana et al., 2007) .
Approaches for prevention and control of JE
Environmental degradation, socio-economic decline, rapid population movements, migratory birds' movement and the concomitant effects of global warming are contributing to changing pattern of morbidity and mortality and posing serious challenge to public health. Japanese encephalitis remains as major cause of viral encephalitis in Asia, imposing a significant burden on poor rural families. It is a disease of public health importance due to its epidemic potential and high case fatality rate. Even, if patients survive, complications may lead to lifelong sequelae. Therefore the epidemic form of the disease can be minimized by applying the effective control or prevention measures in order to save the lives especially young children. 
Vector control intervention strategies
Vector control remains to be the most generally effective measure to prevent/interrupt the disease transmission and is therefore one of the basic technical elements of the vector-borne disease control programme. Currently the following strategies are mainly implemented in order to control the JE vectors and eventually to minimize the disease burden among the rural poor community, despite of their limitations.
Environmental management control strategies

Alternate wet and dry irrigation (AWDI)
Traditionally, flooded rice fields have been the ideal breeding place for several mosquito species, including those that transmit JE. An important feature of this technique involves the alternate wetting and drying of paddy fields, which in turn curtails the life cycle development of the mosquito from larvae and pupae to adult (Keiser et al., 2005) . In order to achieve a significant reduction of mosquito larvae, AWDI (also termed intermittent irrigation) has to be applied during the entire cropping season and should cover all rice fields. This method is particularly feasible in places where control of the water supply and drainage is possible, hence where soil and climatic conditions are suitable (Mogi, 1988) . In China, large-scale application of the AWDI technique has been held responsible for significant reductions of rice field breeding vectors and malaria. Growing water shortages in many areas create an incentive to better control of irrigation water. AWDI is also one such strategy (Keiser et al., 2005) . A study found that the AWDI has reduced the immature stages of Cx. tritaeniorhynchus by 14-91% in rice fields and adult population by 55-70%. The crop yield was examined in two trials and increases between 4 and 13% were observed in AWDI rice fields (Lu-Baulin, 1988) . The effect of this method on the incidence of JE has to be investigated (Keiser et al., 2005) .
Limitations
• The potential of AWDI is, however, limited in areas where there is a threat of insufficient resources to re-flood the fields and where farmers perceive a risk of reduced yields by letting their fields dry out.
Biological control strategies
Biological control refers to the introduction or manipulation of organisms to suppress vector populations. A wide range of organisms helps to regulate mosquito populations naturally through predation, parasitism and competition (Chandra et al., 2008) . Concern about the threat of strong forms of insecticide resistance (Hargreaves et al., 2000) has stimulated renewed interest in alternative control methods including biological control and biopesticides. The best known is the use of Bacillus thuringiensis var. israelensis (Bti) and B. sphaericus and, another biocontrol method, the use of larvivorous fish in appropriate water bodies, have been used in mosquito control for over 100 years (Bay, 1967) .
Larvivorous fish as a biological agent
Recognizing the high larvivorous potential of the fish species Gambusia` affinis, it has widely been used to control the immature stages of various vector mosquitoes. Other fish species include Tilapia spp., Poecilia reticulata or Cyprinidae (Lacey & Lacey, 1990) . After stocking rice fields with 1-10 natural predator fish perm 2 , larval populations of Cx. tritaeniorrhynchus were reduced by 55.2-87.8% (Kim et al., 1994) . Larvivorous fish cannot be applied in rice fields, where irregular irrigatio n i s p r a c t i c e d . I t s h o u l d also be noted that predator populations are strongly influenced by the temperature, rice growth, vegetation, use of pesticides or chemical pollutants (Lacey & Lacey, 1990 ). In addition, recent research has shown that ovipositing mosquitoes may move to other breeding sites in response to the stocking of rice fields with predatory fish (Angelon & Petranka, 2002) . Furthermore, the introduction of exotic predators such as Gambusia might displace the native fish populations to reduce their natural value, as being observed in Japanese rice fields (Wada, 1988) . Therefore, the compatibility of the chosen fish with local fauna and flora is of high importance (Lacey & Lacey, 1990 ).
Bacteria as biocides
The larvicidal activity of the spore forming bacteria B. sphaericus and B. thuringiensis israelensis were discovered in 1965 and 1976, respectively (Mittal, 2003) . In Tamil Nadu, India, the application of 4.3 kg/ha of a microgel droplet formulation of B. sphaericus 1593M resulted in a 44-79% reduction of early instar and 82-100% reduction of late instar culicinae larvae (Cx. fuscanus, Cx. pseudovishnui and Cx. tritaeniorhynchus) for at least 5 weeks (Sundararaj & Reuben, 1991) . Similarly, up to 95-98% of Cx. tritaeniorhynchus larvae were reduced in three other field sites evaluating B. sphaericus or B. thuringiensis formulations (Balaraman et al., 1983; Rhee et al., 1983; Kramer, 1984) . However, the larvicidal activity did not persist in these rice fields beyond a couple of days; in the Republic of Korea the residual effect of B. thuringiensis H-14 was found to last only for 24 h (Rhee et al., 1983) .
Limitations
• The application of larvicides may not be an appropriate control strategy in terms of cost effectiveness because of the widespread breeding reservoirs of Cx. tritaeniorrhynchus.
• Biocides are not only expensive but also their effectiveness can withstand only for a few days. Therefore, it requires frequent and repeated applications at least at the end of every week.
• In general, biocides are effective against mosquito larvae but cannot control the pupal stage.
Invertebrate predators
Invertebrate predators, i.e. Coleoptera, Hemiptera or Odonata, though less common than the use of fish, are also known to substantially reduce mosquito larval populations in rice fields. However, they are highly sensitive to temperature, presence of vertebrates, growth of rice and chemical pollutants (Lacey & Lacey, 1990) . In India, the presence of notonectids was negatively associated with the larval abundance of Cx. pseudovishnui, Cx. tritaeniorrhynchus and Cx. vishnui (Sunish & Reuben, 2002) .
Fungi
Fungi that have been studied extensively for their potential as biological mosquito control agents include Coelomomyces spp. and Lagenidium giganteum. The former have been investigated with regard to how they impact the development of JE vectors in China (Keiser et al., 2005) . Field observations showed a strong effect of the fungus Coelomomyces indica on Cx. tritaeniorhynchus, as infected larvae were unable to develop into adults (Liu & Hsu, 1982) . However, fungi have not been applied for biological control of JE vectors on a large scale so far, as practical problems, for example their production, have yet to be solved (Lacey & Lacey, 1990 ).
Algae
The floating water fern Azolla (Salviniales: Azollaceae) contains a symbiont nitrogen-fixing cyanobacteria, Anabaena azollae Strasburger, and is regarded as a source of organic fertilizer for rice cultivation (Lumpkin & Plucknett, 1980) . Azolla multiplies rapidly and forms a thick surface mat which has been shown, in laboratory studies, to interfere with oviposition of mosquitoes as well as adult emergence from pupae (Amerasinghe & Kulasooriya, 1986; Rajendran & Reuben, 1988) . In China, the major vectors breeding in rice-fields say, Cx. tritaeniorhynchus and An. sinensis are found to have significant reductions of larvae in paddy fields where rice was cultivated in association with Azolla pinnata (Anonymous, 1986) . In Tamil Nadu, India, application of the floating water fern Azolla microphylla greatly reduced immature mosquito populations. However, the infestation of the rice field with Azolla was difficult to achieve and 80 percent coverage by Azolla was accomplished only 13-14 days after rice transplantation, limiting its wider use as a biological mosquito control agent .
Chemical control strategies
Indoor residual spraying (IRS)
IRS remains to be the most widely used vector control intervention. Its application has been thoroughly standardized and there are clear specifications for suitable equipment and insecticides. As the main effect of IRS is the killing of mosquitoes entering houses and resting on sprayed surfaces, it is not useful for the control of vectors which tend to rest outdoors, although it may be effective against outdoor biting mosquitoes which enter houses for resting after feeding.
IRS is relatively ineffective against the highly exophilic vectors, not only because of the resting habits of the vectors, but also because of the mobility of settlements, which remain unreported and inaccessible. In southern Henan province, China, DDT residual indoor spraying had no effect on the incidence of JE, but it was greatly reduced after the introduction of pyrethroid-impregnated bed nets. Only a small effect on outdoor biting densities of Culex tritaeniorhyncus was found, although the number of mosquitoes resting inside bed nets decreased markedly after the introduction of bed net impregnation (Luo et al., 1994) . The recent evidence also shows that IRS is ineffective against JE vectors (Sabesan et al., 2008) .
Personal protection interventions 6.3.1 Insecticide Treated Mosquito Nets (ITMNs)
The insecticidal treatment of nets adds a chemical barrier to the often imperfect physical barrier provided by the net and thus, improves its effectiveness in personal protection. ITMNs are easy to use devices for preventing mosquito -borne diseases such as JE, malaria, etc. The absence of reliable surveillance data, difficulties of vaccine production, and shortages and high costs of the commercial vaccine are thought to restrict the implementation of vaccine programs, especially in low-income countries (WHO, 1998; Monath, 2002) . The interventional strategy using ITMNs will have an important epidemiological implication in bringing down the JEV activity in the pigrearing communities without disturbing their social custom of rearing pigs, which they have been carrying on for ages. As well, this may provide a cost-effective way to reduce JEV transmission and supplement the relatively high cost of vaccines (Dutta et al., 2011) .
Limitations
• Majority of the JE vectors have shown the bimodal feeding activity (the peak biting times after sunset and again after midnight) and people often stay outdoors at dusk hours during when ITNs may not be useful to reduce the man-vector contact.
• In addition, the JE vectors feeds most often in the outdoors and therefore, in these above circumstances deployment of ITNs may not be a feasible strategy and therefore, the application of repellents could be a useful alternative intervention measures.
Repellent
Repellents are playing key role in order to reduce the man-vector contact and eventually to reduce the vector-borne diseases (Karunamoorthi & Sabesan, 2010) . Protection against insect bites is best achieved by avoiding infested habitats, wearing protective clothing, and applying insect repellent (Curtis, 1992; Fradin, 2001) . Although insecticide-treated bed nets protect against mosquitoes and malaria in many parts of the world, people may contract disease in the early evening before they retire to the confines of the net, since exposure to malaria vectors and nuisance mosquitoes starts in the early evening (Maxwell et al., 1998) . Insect repellents are extremely useful to the travelers, who visit for a short-span of time in the JE endemic areas. The main advantage is that the repellents are relatively cheap, highly effective and can be applied as a short-term measure.
Limitations
• Personal protection through mosquito coils and indigenous materials (oils,smokes, etc.) is widely practiced in agricultural communities but is of doubtful effectiveness in terms of protection against transmission, although it often provides some relief from the "nuisance" aspect in situations of high mosquito (including vector) biting densities. Commercial repellents are generally too expensive for poor farmer communities.
Plant -based repellents
Plants have been used since ancient times to repel/kill bloodsucking insects in the human history and even now, in many parts of the world people are using plant substances to repel/kill the mosquitoes and other blood-sucking insects (Karunamoorthi et al., 2008) . At the moment repellent of plants origin have been receiving massive attention due to their environmental and user friendly nature as they are easily available, accessible and affordable (Karunamoorthi et al., 2009 ).
Plant-based products against JE vector mosquitoes
Petroleum ether (60-80°C) extracts of the leaves of Vitex negundo have acted as a promising repellent against Cx. tritaeniorrhynchus (Karunamoorthi et al., 2008) . Recent study results reveal that the hexane extracts of A. marmelos and A. paniculata can serve as potential repellent, ovicidal, and oviposition deterrent against Japanese encephalitis vector, Cx. tritaeniorrhynchus (Elango et al., 2010) . Globally, numerous studies evidently suggest that the traditionally used plant-based insect repellents are promising and could potentially contain many vector-borne diseases in particular JE (Karunamoorthi et al., 2008; .
Removal of Pig farming
The removal of the pigs acting as amplification hosts appears to have stopped the circulation of JEV in Singapore. The incidence of reported serological confirmed cases of JEV has been declining since pig farming has been eliminated in the country. The incidence has dropped from 101 cases during 1977-1984 to 15 cases for 1985 (Anonymous, 1994 .
Limitations
• This intervention strategy may not be feasible in the resource-poor settings, where majority of the people largely consider pigs as a source of income and desire food.
Immunization
Immunization provides a reasonable and practical way to control JEs, but the selection of target populations may present a problem in countries where JE outbreaks cannot be clearly defined in terms of places of infection and affected age groups. However, immunization is recommended for protecting populations where JE virus attacks are highly probable. Monitoring of JE activity will help to identify populations at the risk of exposure who can then be given a booster immunization (Umenai et al., 1985) .
Types of vaccine
Three types of vaccine against the Japanese encephalitis virus is presently licensed to be produced and administered worldwide. The inactivated mouse-brain derived JE vaccine is available on the international market. Primary hamster kidney (PHK) cell derived inactivated and live attenuated JE vaccines are widely used in China. A comparison between the inactivated mouse-brain derived vaccine and the PHK-derived live-attenuated vaccine shows a similar immunogenicity (84-100% seroconversion after 3 doses vs. 94-100% seroconversion after 2 doses), efficacy (91% with two doses vs. 97% with two doses) and with incidence of minor side effects. The inactivated JE vaccine was associated with rare incidence of severe allergic reactions and neurological complications (Mori & Siegel, 2000) .
Dosage and route of administration
Dosage schedules differ for endemic and non-endemic regions. Children in endemic areas may need fewer doses because of previous immunity or subsequent exposures to flaviviruses that boost up antibody levels (ACIP, 1993) . In endemic areas, the inactivated Biken vaccine is administered subcutaneously in two 0.5-mL doses between one to four weeks apart. Primary vaccination varies from the age of 18 months in Thailand to 3 years in Japan. Boosters are often given one year after primary vaccination and at intervals of 3 years thereafter (Tsai, 1994) . In non-endemic regions, the Advisory Committee on Immunization Practices (ACIP) recommends a three-dose regimen on days 0, 7, and 30 with a booster given after one year and every three years thereafter (ACIP, 1993) . Normal administration in China consists of a 0.5-mL dose at years of 1 and 2. A final booster is given in year six (Hennessy et al., 1996) .
Pig vaccination
Live attenuated JE vaccine has been developed in Japan primarily for immunization of pigs to prevent still births. In the Republic of Korea live attenuated JE vaccine using baby hamster kidney cells has also been developed and used for the vaccination of pigs (Umenai et al., 1985) . Immunization of pigs may be attempted to control JE epidemics because it has been established that these animals, after vaccination with the live vaccine, showed no viraemia on exposure to infected mosquitoes. The immunized pigs must have therefore been unable to "amplify" the virus transmission. However, all investigators engaged in this project pointed out that effective immunization was not easy because of the high turnover in the pig population so that individual pigs might escape being immunized (Umenai et al., 1985) . Vaccination of pigs has been used but has not been shown to consistently reduce mosquito and human infections and is not cost-effective in most settings. However, moving pigs away from human habitats also makes sense (Solomon, 2006) .
WHO position on JE vaccination
Considering the current existence of safe and effective vaccines at a relatively low cost for wide scale use, the WHO advises the integration of the JE vaccine into the WHO immunization initiative in regions where this disease constitutes a public health risk. Therefore, systematic vaccination campaigns (in the form of 'vaccination days') are needed to allow the progressive integration of JE vaccination into the WHO immunization initiative. Despite a few cases of encephalomyelitis reported in children after having received the Mouse Brain-derived JE Vaccine, the WHO is considering using it in its immunization campaign since the benefits far outweigh the risks. Because of the availability and simplicity of use, the attenuated live vaccine based on the SA 14-14-2 strain offers an interesting alternative (Diagana et al., 2007) .
Limitations
• It should be mentioned that JE vaccine is not always available because the cost of commercial vaccines is still too high for use in large-scale vaccination. Work on the development of second generation (genetically engineered) vaccines is in progress.
6.5 Case management 6.5.1 Treatment At present there are no established antiviral treatments against JE. Interferon alpha was the most promising drug in small open-label trials, but it failed to affect the outcome in children with JE (Solomon et al., 2003) . Though we are handicapped by the non-availability of a specific drug against JE, mortality and morbidity can be decreased appreciably by control and treatment of factors causing secondary deterioration such as raised intracranial pressure and convulsions. The value of this approach has been documented in traumatic coma (Ghajar & Hariri , 1992 ).
Health education
• Simple Information on JE -cause, transmission and prevention of mosquito bites.
• Community action in reducing mosquito breeding places by filling pools, weekly drainage of accumulated water, lowering of water levels in rice fields etc.
• National guidelines for diagnosis, management and prevention of JE -for programme managers and health professionals. The people of JE-prone areas can be motivated through information, education and communication (IEC) activities/awareness campaigns on the dreadful disease. Using ITMNs for self-protection and protecting pigs from mosquito bites can efficiently check the JEV transmission in the JE prone areas. (Dutta et al., 2011) .
Epidemic preparedness and response •
Immediately notify government authorities by phone, fax or email.
• A team of investigators consisting of clinicians, epidemiologists, entomologists etc. should be immediately sent to the affected site, to take action.
• The team should be provided with proper information on collection of specimens;
• Stool samples -for isolation of enterovirus
• Blood or serum on the first three days of the illness -for detection or isolation of virus • Paired serum samples at an interval of at least 10 days -for antibody detection.
•
Cerebral Spinal Fluid (CSF) -for virus isolation and antibody tests
• In case of deaths -tissue samples of brain and liver. Conclusively, the JE disease control programmes have been focusing on the three major areas; (1) mosquito control, (2) amplifying host (pig) control, and (3) vaccination. However, neither mosquito control nor amplifying host (pig) control has been proven (in India) to be an effective measure to control JE, as they are carried out mostly after the outbreaks. Spraying the entire epidemic prone area is time consuming, expensive, and it is difficult to cover all mosquito habitats. Moreover, it is discouraged on account of environmental pollution. Since the biting activity of JE mosquitoes is at dusk, use of bed nets at night is likely to be ineffective and it shall not be the best solution for JE control. Segregating, slaughtering, or vaccinating pigs is economically not feasible and also difficult in other logistic angles. Since other animals, like birds also act as amplifying hosts just pig elimination shall not override JE (Sabesan et al., 2008) . It seems that there is compelling evidence that human immunization is effective for containing the JE epidemics. Since the epidemic in man appears to follow epizootics which coincide when the vector density shoots up in the anticipated epidemic districts, feasibility of JE vaccination has to be considered as a preventive measure. In such situations, identifying the risk area and determining the target population to be immunized are crucial. Therefore, a routine JE immunization may be initiated in all areas identified for the risk of epidemics (Sabesan et al., 2008) . One cannot affirm with or advocate the universal appropriate JE preventive/control measures. However, selecting the community oriented appropriate control strategy is extremely essential to minimize the mortality and morbidity due to JE. There are a number of effective intervention strategies currently available and therefore, one can select/prefer, the most appropriate intervention based on the local availability, accessibility, and affordability from the following recommendations;
• Changes in agricultural and animal husbandry practices
• Creating awareness by effective health education campaign through electronic media viz., printed pamphlet, news papers, radio and television
• Avoiding the outdoor stay at dusk hours during the main transmission period
• Intermittent irrigation system, if possible.
• Application of repellents during dusk hours in order to reduce the man-vector contact
•
Consistent deployment of ITNs
• Immunization to the vulnerable section of the society especially for children (<15 years).
• Rational use of appropriate insecticide in the resting sites of mosquitoes, viz; domestic and peri-domestic areas, cattle sheds, pigsties, chicken coops etc. to suppress the vector density in risky areas prior to transmission (Sabesan et al., 2008) .
• Promoting the use of bio-control agents (fishes/'Azolla', etc) and organic fertilizers ('neem' cakes) to reduce the mosquito immatures (Sabesan et al., 2008) .
• Monitoring viral activity in vector mosquitoes and reservoir animals in order to supplement with the information on vector abundance to predict the risk of transmission (Sabesan et al., 2008 
